Introduction
Transarterial chemoembolization (TACE) is the only guideline-recommended global standard of care for intermediate-stage hepatocellular carcinoma (HCC). However, TACE is not beneficial for three subgroups of patients with the following characteristics: (1) conditions that easily become refractory to TACE, (2) conditions in which TACE causes deterioration of hepatic functional reserve to Child-Pugh class B, and (3) conditions that are unlikely to benefit from TACE. In the first subgroup, which includes HCCs beyond the up-to-seven criteria, the response to TACE is typically poor, and hepatic functional reserve is further impaired. This may hinder the switch to molecular-targeted therapy, resulting in a worse prognosis and shorter overall survival. Recent evidence indicates that initial lenvatinib therapy followed by TACE markedly improves overall survival in this TACE-unsuitable subpopulation. Thus, lenvatinib-TACE sequential therapy (LEN-TACE sequential therapy) may become the standard of care for patients who do not benefit from TACE. The recent approval in 2019 of ramucirumab and cabozantinib for the treatment of HCC increased the number of molecular-targeted agents (MTAs) available in clinical practice to five: lenvatinib and sorafenib as first-line agents, and regorafenib, cabozantinib, and ramucirumab as second-line agents [1] [2] [3] [4] [5] [6] . The survival benefits of the five agents were demonstrated in phase 3 clinical trials involving patients with advanced-stage HCC (Barcelona Clinic Liver Cancer [BCLC]-C) and those with intermediate-stage HCC (BCLC-B) who progressed on TACE. Approximately 20% of the patients included in these clinical trials (except the Asia-Pacific trial on sorafenib) had intermediate-stage HCC ( Table 1 ; Fig. 1 ) [1] [2] [3] [4] [5] [6] . Most of the patients with intermediate-stage HCC enrolled in these trials were refractory to TACE after multiple sessions.
An important issue that needs to be addressed is the establishment of treatment strategies for the largest proportion of patients; namely, those with intermediate-stage HCC (especially those who will not benefit from TACE in the multi-MTA era). Once liver function has deteriorated to Child-Pugh class B it is often too late to start molecular-targeted therapy. To improve the overall survival of HCC patients in the current multi-MTA era, molecular-targeted therapy should be introduced under the following conditions: intermediate-stage HCC that is refractory to TACE or in which TACE is unlikely to be effective and liver function is still well preserved. In these cases, different agents should be used sequentially to extend patient survival. Lenvatinib therapy, which is associated with a high response rate, followed by selective TACE may be an effective treatment strategy. This editorial explains the concept of TACE unsuitability and outlines new treatment strategies for TACE-unsuitable intermediatestage HCC in the era of multiple MTAs.
Heterogeneity of Intermediate-Stage HCC and Treatment Strategies
Intermediate-stage HCC is extremely heterogeneous in terms of (1) hepatic functional reserve, (2) tumor size, and (3) tumor number [7] . More precisely, hepatic functional reserve varies widely in Child-Pugh class: from class A (score 5) to class B (score 9), tumor size: from ≥5 cm to huge (> 10 cm), and number of nodules: from 4 to > 10. Despite such extreme heterogeneity, TACE is the only standard of care recommended by guidelines worldwide [8] [9] [10] [11] . Because there are currently five available agents for the treatment of HCC, a change in the guidelines may be necessary. Dr. Bruix, who originally proposed the BCLC staging system, stated in a review article published in Gastroenterology that TACE is not indicated for all cases of intermediate-stage HCC, and should only be used in cases of solitary or limited multinodular HCC with preserved liver function [12] . Therefore, the development of treatment strategies for multinodular disease in both lobes and large tumors constitutes an unmet need.
Various systems for subclassification of intermediate-stage HCC and treatment strategies for each substage have been proposed [13] [14] [15] [16] (Table 2 ). For subclassification of intermediate-stage HCC, the up-to-seven criteria originally developed as criteria for transplantation [17] are widely used globally to describe the level of tumor burden.
Criteria for TACE Refractoriness and the Timing of a Therapy Switch to Molecular-Targeted Therapy
In 2011, the Japan Society of Hepatology (JSH) established the criteria for refractoriness to TACE for the first time in the world, followed by revision in 2014 [18, 19] . The current criteria for TACE refractoriness published in different countries include (1) the JSH criteria [18, 19] , (2) criteria proposed by Raoul et al. [20] , (3) Taiwanese criteria [21] , and (4) criteria proposed by the International Expert Panel (EPOI HCC) [22] . The JSH defines refractoriness to TACE as failure to control target lesions or the appearance of new lesions even after two or more consecutive TACE sessions. Raoul et al. [20] recommend a treatment switch after two consecutive insufficient responses to TACE. The EPOI HCC and Taiwanese criteria define TACE refractoriness as that occurring within 6 months after ≥2 or ≥3 on-demand TACE sessions, and recommend an immediate switch to molecular-targeted therapy when these criteria are met. In Taiwan, these criteria must be met to be reimbursed for the MTA sorafenib. The JSH guidelines might have changed the Taiwanese reimbursement policy. Based on the JSH guidelines recommending an immediate switch to sorafenib at the point of TACE refractoriness, sorafenib (which was previously limited to treatment of advanced HCC in Taiwan) became a reimbursable drug for the treatment of intermediate-stage HCCs that meet the EPOI HCC criteria for TACE refractoriness.
Two retrospective studies demonstrated better maintenance of hepatic functional reserve and a longer time-to-disease progression in the sorafenib switch group than in the repeat TACE group. Patients who met TACE refractoriness criteria and switched to sorafenib rather than continuing ineffective TACE therapy showed prolonged overall survival [23, 24] . A global noninterventional prospective study termed OPTIMIS, which was conducted to assess the outcomes of TACE-refractory patients, also showed that the group that switched to sorafenib immediately after becoming refractory to TACE had a better prognosis than the group that did not switch to sorafenib even after the point of TACE refractoriness [25] . [24] 2014 56 80% 20% OPTIMIS [25] 2019 636 64% 26%
At the time of TACE refractoriness, liver function has already decreased, and there are many patients who are not good candidates for systemic therapy. TACE refractoriness is too late when considering systemic therapy.
Should a Switch from TACE to Molecular-Targeted Therapy Be Delayed until the Point of TACE Refractoriness?
An immediate switch to an MTA after the point of TACE refractoriness is gaining consensus worldwide. However, closer review of the three major studies mentioned earlier indicates that liver function had already dropped to Child-Pugh class B or C in approximately 20-26% of patients at the time of TACE refractoriness [23] [24] [25] (Table 3) . Therefore, switching to molecular-targeted therapy is difficult in a considerable proportion of patients who continue TACE until becoming refractory to it, and this change in treatment should be made at an earlier time point than that recommended by existing guidelines in the current multi-MTA era.
The Concept of "TACE Unsuitability" in Intermediate-Stage HCC
The concept of TACE unsuitability was recently proposed [15] . TACE unsuitability refers to the following three major conditions: (1) conditions that easily become refractory to TACE, (2) conditions in which TACE is associated with deterioration of hepatic functional reserve to Child-Pugh class B, and (3) conditions that are unlikely to respond to TACE.
First, HCCs with tumor burden (tumor size and number) beyond the up-to-seven criteria easily become refractory to TACE [26] [27] [28] [29] (Fig. 2) . Hepatic functional reserve tends to deteriorate after TACE in patients with HCC beyond the up-to-seven criteria and those with albumin-bilirubin (ALBI) grade 2 [27, 30] . A decrease in the ALBI score is positively associated with the number of TACE sessions [31] . Therefore, even one TACE session may worsen hepatic functional reserve in ALBI grade 2 patients, and this could result in a missed chance for the introduction of molecular-targeted therapy. In addition, TACE may not be effective in the following tumor phenotypes: tumors without a clear boundary (such as a single nodular Previously, the concept was proposed that lenvatinib as an initial treatment for TACEunsuitable intermediate-stage HCC patients (e.g., bilobar multifocal HCC) may improve prognosis [15] (Fig. 3, 4) . A recent proof-of-concept study showed that lenvatinib as the initial treatment followed by subsequent selective TACE resulted in favorable outcomes in patients with HCC beyond the up-to-seven criteria (a TACE-unsuitable patient subpopulation) [34] . This clinical study compared the treatment outcomes of intermediate-stage HCC beyond the up-to-seven criteria and Child-Pugh class A liver function between 37 TACE-naïve patients who received lenvatinib as the initial treatment (lenvatinib group) and 139 consecutive patients with HCC beyond the up-to-seven criteria who underwent TACE as the initial treatment (TACE group) during the same period. Propensity score matching was used to adjust the baseline characteristics. Efficacy was compared between 30 patients in the lenvatinib group (excluding seven patients with a follow-up period ≤6 months) and 60 propensity score-matched patients in the TACE group. The results showed that TACE irreversibly decreased hepatic functional reserve as determined by the ALBI score, whereas liver function was maintained in the lenvatinib group at the end of treatment (Table 5 ). Progression-free survival was significantly longer in the lenvatinib group than in the TACE group (16 vs. 3 months, respectively; hazard ratio, 0.19; 95% confidence interval, 0.10-0.35; p < 0.001; Table  6 ). Overall survival was markedly longer in the lenvatinib group than in the TACE group (37.9 vs. 21.3 months, respectively; hazard ratio, 0.48; 95% confidence interval, 0.16-0.79; p < 0.01; Table 6 ).
Approximately 70% of patients underwent TACE after initial lenvatinib therapy in the lenvatinib group. Four patients in the lenvatinib group achieved cancer-free and drug-free status after a complete response, of which one achieved drug-free status with lenvatinib only. This extremely favorable outcome of initial lenvatinib therapy with subsequent selective TACE occurred in patients with intermediate-stage HCC beyond the up-to-seven criteria, which is extremely difficult to manage using TACE alone. This underscores the important role of lenvatinib, which is associated with high response rates in patients with intermediatestage HCC beyond the up-to-seven criteria, as the first choice of treatment. The advantage of lenvatinib followed by selective TACE over TACE alone with respect to overall survival was attributed to the high response rates and preservation of liver function associated with lenvatinib treatment. The response rate of lenvatinib was 40.6% in the REFLECT trial [3] and 61.3% in a Japanese population with intermediate-stage HCC in the REFLECT study [35] , and was extremely high (73.3%) in the proof-of-concept study [34] (Table 7) . The high response rate may be related to the administration of lenvatinib at a full dose for a long period of time, which was possible because a large proportion of TACE-naïve patients had well-preserved hepatic functional reserve (mainly within ALBI grade 1); the low rates of dose reduction, interruption, and discontinuation because of adverse events were low [36] . The benefits of lenvatinib pretreatment are as follows: (1) tumor shrinkage and/or necrosis due to high response rate of lenvatinib [3] ; (2) it enables curative TACE and the preservation of hepatic functional reserve; (3) achievement of drug-free complete response attributed to an opti- Values in parentheses are 95% CI. Cited and modified from Kudo et al. [34] . TACE, transcatheter arterial chemoembolization; OS, overall survival; PFS, progression-free survival; NR, not reached. mized embolization effect because targeted agents improve drug delivery [37] ; vascular normalization [38] by lenvatinib and the consequent reduction in vascular permeability and tumor interstitial pressure improves the distribution of lipiodol-containing anticancer drugs within the tumor [38] ; and (4) prevention of recurrence and metastasis [39, 40] through inhibition of hypoxia-inducible factors such as VEGF following TACE [37, 38] (Fig. 5, 6 ). These features suggest the efficacy of LEN-TACE sequential therapy in patients with intermediatestage HCC with a high tumor burden, such as HCCs beyond the up-to-seven criteria (Fig. 6, 7) . No disadvantages of lenvatinib pretreatment before TACE have been identified, at least in high tumor burden HCCs, indicating a possible paradigm shift in HCC treatment (Fig. 8 ). LEN-TACE sequential therapy may become the standard of care for patients who do not benefit from TACE (TACE-unsuitable patients) ( Fig. 7, 8) . [38] . LEN-TACE sequential therapy is expected to elicit a high response rate without affecting hepatic functional reserve in patients with bilobar multinodular disease. In large tumors (≥5 cm), TACE often needs to be split into several lipiodol-TACE sessions because the lipiodol volume of a single TACE session is not sufficient to fill the entire tumor. This increases the risk of recurrence and metastasis due to the release of hypoxia-inducible factors from the residual tumor between TACE sessions, leading to increased VEGF, FGF, and angiopoietin-2. Drugeluting bead-TACE, which is sometimes used for the treatment of large tumors or bilobar multifocal tumors, is associated with the risk of residual cancer cells in the tumor periphery. This can cause phenotypic changes to sarcomatous or cholangiocarcinoma-like mixed phenotypes [41, 42] , which are associated with recurrence, metastasis, and invasion upon release of VEGF, FGF, or angiopoietin-2 [43, 44] . The effects of LEN-TACE on normalizing tumor neovasculature, preventing post-TACE increases in serum VEGF level, and reducing residual tumor volume suggest that this strategy will yield excellent therapeutic effects and preserve liver function in patients with bilobar multinodular HCCs and huge HCCs (Fig. 5, 6 ). Because of its efficacy for the treatment of TACE-unsuitable patients with HCC beyond the up-to-seven criteria who can become refractory to TACE, lenvatinib may become the first choice of treatment in the following patient populations: high tumor burden intermediatestage HCC, conditions refractory to TACE, and conditions with ALBI grade 2 hepatic functional reserve ( Fig. 4, 6, 8) . Given the relatively high response rate to lenvatinib in patients with poorly differentiated HCC [45] and the effect of lenvatinib on massive, confluent multinodular, and single nodular with extranodular growth tumor types, LEN-TACE sequential therapy is a rational and effective treatment strategy for patients who do not benefit from TACE alone and are susceptible to deterioration of hepatic functional reserve (e.g., ALBI grade 2).
Conclusion
This editorial described three HCC conditions that are unsuitable for TACE: conditions that easily become refractory to TACE, conditions in which hepatic functional reserve tends to deteriorate to Child-Pugh class B, and tumor pathology indicative of TACE resistance (Table  4 ). These types of intermediate-stage HCC should receive initial treatment with lenvatinib without TACE followed by lenvatinib pretreatment and selective TACE, which will maximize the efficacy of TACE and improve overall survival over that of patients receiving the current standard of care, namely, TACE alone [34] . Because lenvatinib therapy and TACE are complementary rather than competitive, they are both essential and should be used synergistically.
Further advances in the development of new anticancer agents may lead to a paradigm shift in the treatment of HCC, and systemic therapy will become the first choice of treatment followed by curative/selective TACE for the treatment of intermediate-stage HCC with high tumor burden ( Fig. 7, 8) .
The concept of TACE refractoriness was initially proposed in Japan and later spread worldwide. However, this concept is becoming outdated as a more important concept -TACE unsuitability -is being proposed and established in Japan and hopefully disseminated to the world.
